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ABSTRACT 
 
In present study influence of β-aminobutyric acid, salicylic acid and hydrogenperoxide were tested to 
induced systemic resistance against black scarf disease caused by Rhizoctonia solani in potato. Results 
of  the  present  study  revealed  that  both  salicylic  acid  and  hydrogen  peroxide  treatments  effectively 
reduced percentage severity  of black scarf on potato tubers. This reduction was recorded 10.00 and 
23.34% for salicylic acid at150 and 250 mg/L respectively, while these reduction were 6.67 and 3.37% 
respectively at both the concentration (150 and 250 mg/L) of hydrogen peroxide. All the treated plants 
with BABA, salicylic acid and hydrogen peroxide were showed a significant increase in potato tuber 
yield as compared with check (R. solani only) at150 and 250 mg/l, it was82.50, 137.5, 128.5, 128.7, 
149.0  and  414.2  g  for  pathogen  treatment.  Treatment  containing  spraying  of  250  mg/l  Hydrogen 
peroxide  showed  the  maximum  improvement  in  fresh  and  dry  weight,  and  potato  tubers  yield  as 
compared with all treatments. Furthermore, plant characters results showed that treatment containing 
150  mg/l  BABA  and  H2O2  was  significantly  increase  the  content  of  chlorophyll  type  A  and  B  as 
compared  with  check  (R.  solani  only)  at  (0.74,  1.07)  and  (0.71,  1.06)  and  (0.69,  1.00)  µg/ml 
respectively, as well as total chlorophyll was significantly increased to same treatments at 1.82, 1.75 and 
1.69  µg/ml  respectively.  Hydrogen  peroxide  150  mg/L  showed  significantly  increased  peroxidase 
activity after 48 h from spray  compared with pathogen  treatment (R.  solani only) at 5.71 and 4.68 
change the absorption respectively, While after 30 day of spray with chemicals inducer all treatments 
showed a significantly increased with peroxidaes activity compared with pathogen treatment (R. solani 
only) and this improvement was 7.21, 5.91, 7.55, 6.37, 7.78, 8.19 and 5.18 respectively. 
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1 Introduction 
 
Black scarf disease is one of common disease on potato; it’s 
caused byRhizoctonia solani Kühn (Sneh et al., 1991, Sneh et 
al.,  1996;  Gvozdeva  et  al.,  2006).  This  pathogen  caused 
different  symptoms  of  damage  to  tubers  such  as  malformed 
tubers, increased proportion of small and overlarge tubers and 
reduction the economic value by formation of sclerotia on the 
tubers  (Scholte,  1989;  Carling  et  al.,  1989;  Secor  & 
Gudmestad, 1999). Rhizocotnia disease has been reported to 
cause marketable losses on potato crop up to 30% (Carling et 
al., 1989).Salicylic acid (SA) it has been considered as one of 
the plant hormones is responsible for decrease disease damage 
caused  by  pathogens  such  as  bacteria  fungi  and  viruses 
(Raskin,  1992).  It  is  also  considered  as  the  most  important 
factor in acquiring systemic resistance against the pathogens 
(Nie, 2006). SA signal transduction pathway leads to stimulate 
a number of pathogenesis-related (PR) genes, such as PR-1and 
β-1,3-glucanase(Ryals  et  al.,  1996).Previous  studies  reported 
that  non-proteinaceous  amino  acid  i.e.  β-aminobutyric  acid 
(BABA) showed decrease disease damage against some plant 
pathogens by stimulate the mechanisms defense such as callose 
accumulation and induce hypersensitive cell death (Zimmerli 
et al., 2000; Jakabet al., 2001).Levine et al (1994) report that 
hydrogen  peroxide  (H2O2)give  a  signal  to  start  inducing 
systemic acquired resistance as proposed. Defensive oxidative 
like superoxide and other activated oxygen species in the plant 
cell  wall  and  plasma  membrane  is  often  considered  to  be  a 
barrier for phytopathogenic fungi (Merzlyak et al., 1990; Galal 
&Abdou 1996). According to Morsy (2005) seed socked with 
0.5 and 0.25 mM of H2O2 caused a significant reduction in pre- 
and  post-emergence  damping-off  caused  by  R.  solani 
compared with the control treatment of lentil plants. It was also 
reported  that  plant  treated  with  H2O2  lead  to  increased 
physiological properties (root, shoot and production) of plant 
(Deng et al., 2012). 
 
2 Materials and Methods 
 
2.1 Isolation and maintaining of pure culture of Pathogen  
 
Virulent strain of R. solani was isolated from disease potato by 
plant pathology lab, Department of Plant Protection, College of 
Agriculture,  University  of  Baghdad.  Isolated  culture  was 
maintained  on  PDA  media  at  25˚ﾱ2C  for  5  days.  For  mass 
multiplication and field application culture were maintained on 
pear millet seeds. For this one kilogram of  millet seed were 
soaked in water for 12 h, soaked millet divided in to five flasks 
200 g/flask and autoclaved at 121º C for 20 min.  All  flasks 
were  inoculated  with  five  discs  0.5  cm  dim  of  7  days  old 
culture of R. solani. The flasks were incubated on 25˚ﾱ2C for 2 
weeks. 
 
2.2 Chemical Inducers 
 
Three chemicals viz Hydrogen peroxide (H2O2), Salicylic Acid 
(SA)  and  β  aminobutyric  acid  (BABA)  were  tested  for 
inducing  systemic  resistance  in  potato  against  black  scarf 
disease.  Potato  tubers  were  soaking  for  12  h  at  two 
concentrations i.e.150 and 250mg/l  for all chemical  inducers 
separately, pure water treatment were used as control. After 45 
days  of  planting,  all  the  tested  chemical  inducers  at  same 
concentration were sprayed on the plants. Each treatment was 
replicated three times. 
 
2.3. Resistance study and impose of treatment  
 
The  experiment  was  conducted  in  cropping  season  of  2013. 
Potato variety Riviera tuber were obtained from Agrico seed 
company, Holland was placed one in each pot All treatments 
were raisedin 5kg pot contain sterilized mixture soil: pet moss 
(1:3) v/v fumigated with Methylbromide.. Twenty gram of R. 
solani  along  with  millet  were  add  to  each  treatment,  except 
control treatment (non pathogent treatment).  
 
2.4  Disease  incidence  and  disease  severity  were  calculated 
according to the equation: 
 
0-5scales  were  used  (presence  of  sclerotia)  for  infected  spot 
(presence of sclerotia) on the potato tubers. Criteria of rating 
was as follows: scale 0: (no infection), scale 1: (1-5), scale 2: 
(5-10), scale 3: (10-15), scale 4: (15-20) and scale 5: (20-25) 
sclerotia spots (Hadi &Balali, 2010). 
 
Disease incidence = No. of infected plants/ Total No. of plants 
× 100. 
Disease severity = Σ (No. of infected plants × No. Scale)/Total 
of plants × highness No. scale× 100. 
Dry and fresh weight and total yield were measured in the end 
of experiment  
 
2.5 Chemical analysis 
 
Photosynthetic  pigments  (Chlorophyll  A,  chl.  B,  total 
chlorophyll  and  carotenoids)  were  determined 
spectrophotometrically  after  one  month  from  planting  as 
method  given  by  Metzner  et  al(1965).The  amount  of 
Peroxidase  enzyme  was measured after 48 h, 7 days and 30 
days,  in  the  3
rd  leaf  of  each  plant  according  to  the  method 
describe by Whitaker &Bernard, (1972). 
 
2.6 Statistical Analysis 
 
Data  were  analyzed  using  GenStat  Discovery  Edition  3 
Statistical  program,  in  randomized  complete  design.  Least 
significant difference (LSD) was calculated at P ≤ 0.05. 
 
3 Results 
 
3.1 Effect of chemicals inducer on reduce disease severity 
 
Result of the study revealed that all the tested chemical inducer 
BABA,  salicylic  acid  and  hydrogen  peroxide  were  found 
effective  to  induce  systemic  resistance  and  reduced  disease 
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severity  and  incidence  as  compared  to  pathogen  treatment 
(only R. solani). Result showed that Pot treated by both the 
concentration (150 and 250 µl/L) ofH2O2and Sa 150 mg/L a 
superiority  over to reducing disease severity comparing with 
the others treatments, it was 6.67, 3.37 and 10% respectively. 
This reduction was followed by salicylic acid 250, BABA 150 
and  250  mg/l  treatments;  it  was  23.34,  20  and  16.67% 
respectively  (Fig  1).  The  effect  of  chemicals  inducer  on  the 
disease  incidence  percentage  was  also  reported,  both  the 
concentration of H2O2 (150 and 250 µl/L) showed a significant 
reduction  in  the  disease  incidence  at  33.34  and  16.67  % 
respectively. While the disease incidence was higher in both 
SA and BABA (150, 250 mg/L) then H2O2treatments but it is 
significantly  lower  than  pathogen  treatment  only  (R.solani 
only), it was 66.57, 66.57, 83.34, 83.34 and 100% respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 The Effect of BABA, salicylic acid and hydrogen peroxide on reduce the percentage of disease severity and incidence on black 
scarf disease on potato. [LDS 0.05: Disease incidence: 16, Disease severity:4.1]. 
` 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 The Effect of BABA, salicylic acid and hydrogen peroxide on plant characters on potato. [LDS 0.05: Fresh weight=39.8, Dry 
weight=6.37, Potato tuber weight=40.94]. 
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3.2 Effects of chemicals inducer on plants growth characters  
 
Result  presented  in  figure  2  clearly  showing  efficiency  of 
hydrogen peroxide 250 mg/L to increased fresh and dry weight 
compared  with  pathogen  treatment  (R.  solani  only),  at  this 
concentration  fresh  and  dry  weight  of  tomato  plant  was 
reported 226.6 and 40.4g respectively. All plants treated with 
both 150 and 250 mg/L of BABA, salicylic acid and hydrogen 
peroxide  was  showed  significant  increase  on  potato  tuber 
yieldwhen  compared  with  pathogen  treatment  (R.  solani 
only)this  improvement  was  82.50,137.5,  128.5, 128.7,  149.0 
and 414.2 g for the pathogen treatment, BABA (150 mg/L), 
BABA  (250  mg/L),  salicylic  acid  (250  mg/L)  and  hydrogen 
peroxide  (150  mg/L)  and  hydrogen  peroxide  (250  mg/L) 
respectively. The treatment containing 150 mg/L of salicylic 
acid  is  not  showing  significant  improvement  in  final  yield 
when compared to pathogen treatment. Hydrogen peroxide 250 
mg/L treatment presented the best increased on fresh and dry 
weight, and potato tubers yield compared with all treatments. 
 
3.3  Effectiveness  of  chemical  inducers  on  Peroxidase  and 
chlorophyll contents 
 
The efficacy of BABA, Salicylic acid and Hydrogen peroxide 
were  test  to  induce  peroxidase  enzyme  and  chlorophyll  in 
potato plants leaf. Result showed that BABA (150 mg/L) and 
H2O2 (150 mg/L) was significantly increase chlorophyll type A 
and  B  at  (0.74, 1.07)  and  (0.71,  1.06)µg/ml  respectively,  as 
well as total chlorophyll was significantly increased to same 
treatments at 1.82 and 1.75 µg/ml respectively Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 The Effect of BABA, salicylic acid and hydrogen peroxide on chlorophyll content of the potato plants [LSD 0.05: Chlorophyll 
A=0.04, Chlorophyll B=0.06, Total Chlorophyll= 0.11]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 The Effect of BABA, salicylic acid and hydrogen peroxide on the Peroxidase activity of the potato [LSD 0.05: PO 48h= 2.46, 
PO 7 day=7.99, PO 30 day=8.19]. 
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Result of peroxidsae enzyme activity was obtained after spray 
chemical  inducer.  Hydrogen  peroxide  (150  mg/L)  showed 
significantly increased peroxidase activity after 48 h of spray 
compared with pathogen treatment (R.solani only) at 5.71 and 
4.68 respectively. Except this all the tested treatments shows 
low  peroxidase  activity.  Peoxidase  activity  was  increased 
significantly after 7 days from spray with chemicals inducers 
treatment vizBABA (150 mg/L), Salicylic acid (250 mg/L) and 
both the concentration of hydrogen peroxide; these treatments 
showed  high  peroxidase  activity  compared  with  pathogen 
treatment (R. solani only)which obtained at 8.98, 8.60, 7.88, 
7.99  and  6.53  respectively.  After  30  day  of  spray  with 
chemicals inducer all treatment showed significantly increased 
with peroxidaes activity. Hydrogen peroxide 250 µl/L showed 
highest  significant  different  of  peroxidase  activity  compared 
with all treatment after 30 days of spray. 
 
4 Discussions 
 
R.solani as know caused remarkable losses by deformation of 
tubers appearance that and reduces the yield quality. Chemical 
inducers i.e. β-aminobutyric acid, Salicylic acid and Peroxide 
hydrogen used in present study are not only useful in reducing 
disease  incidence  and  severity  but  also  help  in  stimulating 
plant  quantitative  (increasing  yield  )  and  qualitative  (fresh 
weight,  dry  weight,  size  of  tuber,  chlorophyll  amount  and 
production  of  peroxidase  )  characters.    Peroxidase  activity 
level  was  increased  in  all  treatments  containing  chemical 
inducer in this study. Peroxidase  activity in plant is a signal of 
induce  resistance  by  chemical,  physical  or  biological  agents 
(Gary &Goodman, 2004). 
 
All the tested treatments (β-aminobutyric acid, Salicylic acid 
and Peroxide hydrogen) are well known for inducing systemic 
resistance  in  various  plant  species  (Gary 
&Goodman2004;Abdel-Monaim  2013).  Results  of  present 
study  also  provide  evidence  related  to  the  role  of  H2O2  in 
activation of an array of host defense  mechanisms  including 
induced activity of enzymes such as peroxidase and chitinase 
accompanied by a significant increase in the lignin and suberin 
content (Quiroga et al., 2000).  
 
Hydrogen  peroxide  at  1.0%  and  0.5  were  reported  most 
effective treatments for reducing rust disease of sugar beet (Ata 
et al., 2008). Furthermore,  Guzel  &  Terzi, (2013) were also 
reported  that  maize  treated  by  0.5  mM  H2O2  shows 
significantly higher dry weights. 
 
Salicylic acid is an endogenous signaling molecule required for 
the induction of SAR (Klessig &Malamy, 1994).Foliar spray 
with  salicylic  acid  to  control  Fusarium  oxysporum  f.  sp. 
lycopersici  in  tomato  showed  to  increased  PAL  and  POD 
activities was 3.7 and 3.3 times higher compared with control 
treatment (Mandal et al., 2009). Black scurf disease severity in 
stems was reduced by 89.6% by foliar treatment with Salicylic 
acid 60 mg/L (Al-Mughrabi, 2008) 
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